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Abstract Aloe vera (Aloe barbadensis Miller) cubes of
12.5×12.5×12.5 mm thick were osmosed for 4 h in sugar
syrup of 30, 40 and 50°Brix concentration and temperatures
of 30 and 50°C at constant syrup to fruit ratio of 5:1.
Osmosed and unosmosed aloe vera samples were hot air
dried at 50, 60, 70 and 80°C with constant air velocity of
1.5 m/s. The water loss, solid gain and convective drying
behaviour were recorded during experiments. It was
observed that water loss and solid gain ranged from 39.2
to 71.3 and 2.7 to 6.3%, respectively during osmo-drying.
The moisture diffusivity varied from 2.9 to 8.0×10
−9 m²/s
and 2.7 to 4.6×10
−9 m²/s during air drying of osmosed and
unosmosed aloe vera samples, respectively. Drying air
temperature and osmosis as pre-treatment affected the water
loss, solid gain, diffusivity at −p≤0.01
Keywords Aloe vera.Osmosis.Hot-air drying.Moisture
diffusivity.Water loss.Solid gain
Introduction
Aloe vera (Aloe barbadensis Miller), a traditional medicinal
plant, is used in food, pharmaceutical and cosmetic
industries (Grindlay and Reynolds 1986; Koga 1998). Aloe
vera leaves are formed by a thick epidermis (skin) covered
with cuticle surrounding the mesophyll, which can be
differentiated into chlorenchyma cells and thinner walled
cells forming the parenchyma (fillet). The parenchyma cells
contain a transparent mucilaginous jelly, which is referred
to as aloe vera gel. Gel contains 97–98% of water and more
than 60% of dry matter is made up of polysaccharides
(McAnalley 1993; Femenia et al. 1999). The gel is a
colourless, odourless, hydrocolloid with several natural
beneficial substances.
Aloe vera is an industrial crop and in the food industry it
has been utilized for the preparation of health food drinks,
beverages like tea, milk, ice-cream and confectionary
(Seoshin et al. 1995). Aloe vera gel also finds application
in cosmetic and toiletry industry for the preparation of
creams, lotions, soaps, shampoos and facial cleaners
(Grindlay and Reynolds 1986; Koga 1998). Reports credit
that aloe has anti-tumor (Loadman and Christopher 2001)
anti-diabetic (Beppu et al. 1993) and anti-tyrosine proper-
ties (Yagi et al. 1987) in addition to efficacy in healing
wounds and burns (Chithra et al. 1998; Somboonwong et
al. 2000) and treatment of gastric ulcers (Maze et al. 1997).
The potential use of aloe vera products often involves
some type of processing, like heating, dehydration and
grinding (Chang et al. 2006). Unfortunately, because of
improper processing procedure aloe products contain very
little or virtually no active ingredients (Ramachandra and
Rao 2006), so it has become very important to evolve a
better method of preservation for increasing the shelf life
and maintaining the quality of aloe vera gel.
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DOI 10.1007/s13197-010-0121-2Osmotic dehydration is the process of water removal,
with low energy consumption at low temperature. This
provides minimum thermal degradation of nutrients due to
low temperature water removal process (Shi et al. 1997).
The osmotic process variables (pre-treatment, temperature,
concentration of the solution, agitation, additives, immer-
sion time) have been reported to have influence on mass
transfer and on the product quality (Lerici et al. 1985;
Rastogi and Raghavarao 1997; Erle and Schubert 2001;
Rastogi et al. 2004). The osmotic process has received
considerable attention as a pre-treatment so as to reduce
energy consumption and improve food quality (Jayaraman
and Das Gupta 1992; Karthanos et al. 1995). Besides
reducing the drying time, the osmotic dehydration as a pre-
treatment also inhibits enzymatic growing, retains natural
colour and retains volatile aroma during the subsequent
drying (Pokharkar et al. 1997).
Osmotic dehydration process has been studied for many
fruits and vegetables, such as, apple, banana, carrot, cherry,
citrus fruits, grape, guava and mango (Ponting et al. 1966;
Flink 1980;M a g u e r1988;F i t o1994; AhmedandChoudhary
1995; Chaudhari et al. 2000). Also studies on dehydration
of aloe vera was done by Simal et al. (2000), Chang et al.
(2006), Vega et al. (2007) and Segovia et al. (2009).
However no systematic attempt has been reported on osmo-
air drying of aloe vera gel cubes. Therefore, the objective of
the study was to investigate the effect of osmotic treatment
on water loss (WL), solid gain (SG) and on convective
drying behaviour of aloe vera gel.
Materials and methods
Aloe vera (Aloe barbadensis Miller) leaves were procured
from Herbal Park, Rajasthan College of Agriculture, MPUAT,
Udaipur. Fresh whole aloe vera leaves of 30 and 50 cm length
from 3 to 4 year old plants were washed under tap water to
remove adhering materials. The spikes, placed along the
margins, were removed before slicing the leaves. The thick
epidermis (or skin) was carefully separated from parenchyma
(or gel fillet) using a stainless steel cutter. The fillets were cut
into 12.5×12.5×12.5 mm cubes with the help of stainless
steel cutter. Aloe vera gel cubes were freshly prepared on each
day of experiment. Sugar syrup of desired concentration was
prepared by dissolving required amount of sugar in tap water.
Osmotic dehydration The solute used for osmotic dehydra-
tion was sugar. The sucrose concentrations selected for
osmotic dehydration were 30, 40 and 50°Brix. The osmotic
dehydration was carried out at 30 and 50°C for 4 h of
immersion time at constant syrup to fruit ratio of 5:1. The
osmotic dehydration experiments were carried out in a glass
beaker placed in a hot water bath with thermostat-controlled
heaters. After every 30 min interval, one glass beaker was
removed from water bath and aloe vera samples were
immediately rinsed with water and placed on absorbing
paper to remove surface moisture. The samples were
weighed and their moisture content was determined by
using AOAC (1984) method. All the experimental measure-
ments were replicated 4 times.
The WL and SG were calculated by using the following
mass balanced equations (Lenart and Flink 1984). The WL
was the net loss of water from aloe vera cubes at time (θ)o n
an initial mass basis.
WL;% ¼
WiXi   WqXq
Wi
ð1Þ
The dry matter gain is related to solid gain (SG) and
hence, the SG was the net gain in total solids by aloe vera
cubes on the initial mass basis.
SG;% ¼
Wqð1   XqÞ Wið1   XiÞ
Wi
  100 ð2Þ
where, Wθ=mass of aloe vera cubes after time θ,g ,Wi=
initial mass of cubes, g, Xθ=water content as a fraction of
the weight at time ‘θ’, and Xi=water content as a fraction of
initial weight of cubes.
Air drying The osmosed and unosmosed aloe vera cubes
were dried in conventional hot air dryer at air temperatures of
50, 60, 70 and 80°C with constant air velocity of 1.5 m/s. The
dryer was equipped with an electronic balance. The sample
weight was continuously registered at 15 min interval for first
2 h of the experiments, afterwards the weights were noted at
30 min intervals till the sample attained constant weight.
Approximately 150 g of sample was dried until final moisture
content was attained for safe storage.
Moisture diffusivity during hot-air drying In drying, diffu-
sivity is used to indicate the flow of moisture. In falling rate
period of drying, moisture is transferred mainly by
molecular diffusion. Diffusivity is influenced by shrinkage,
case hardening during drying, moisture content and
temperature of material. The moisture diffusivity of the
samples was estimated by using the simplified mathemat-
ical Fick’s second diffusion model. The solution of Fick’s
second law in slab geometry, with the assumption that
moisture migration was caused by diffusion, negligible
shrinkage, constant diffusion coefficients and temperature
was as follows (Crank 1975). For infinite plate shape (aloe
vera cubes was considered to be infinite plate shape)
MR ¼
M   Me
M0   Me
¼
8
p2
X 1
n¼1
1
2n þ 1 ðÞ
2 exp
  2n þ 1 ðÞ
2p2Defft
4H2
"#
ð3Þ
184 J Food Sci Technol (Mar–Apr 2011) 48(2):183–189For long drying periods, Eq. 3 can be further simplified
to only the first term of the series.
ln
M   Me
M0   Me
  
¼ ln
8
p2  
p2Defft
4H2
  
ð4Þ
where, MR is the dimensionless moisture ratio, M the
m o i s t u r ec o n t e n ta ta n yt i m e( gH 2O/g dry matter), M0 the
initial moisture content (g H2O/g dry matter), Me the
equilibrium moisture content (g H2O/g dry matter), Deff
the effective diffusivity (m
2/s), H the half thickness of
slab in sample (m), n the positive integer, t the Time
(sec).
A general form of Eq. 4 could be written in semi-
logarithmic form as follows.
ln MR ðÞ ¼ A   Bt ð5Þ
The effective diffusivity is typically calculated by
plotting experimental drying data in terms of ln (MR)
versus drying time. From Eq. 5, a plot of ln (MR) versus the
drying time gives a straight line with a slope of:
Slope ¼
p2Deff
4H2 ð6Þ
Result and discussion
Effect on water loss The WL at any concentration was
affected by the temperature of the syrup (Fig. 1). It increased
with increase in syrup temperature. This may be due to
change in semi-permeability of cell membrane of the gel
allowing more water to diffuse out in a shorter period. These
finding were in conformation with the results of Ponting et al.
(1966) and Farkas and Lazar (1969). However, higher
temperature promoted faster WL through swelling and
plasticizing of cell membranes, also faster water diffusion
within the product and better water transfer characteristics on
the product surface due to lower viscosity of osmotic
medium. Rate of WL was rapid initially and decreased
gradually with increase in time. This could be due to reducing
concentration gradient of moisture between product and
solution with time. When syrup temperature was increased
from 30 to 50°C for 50°Brix syrup concentrations, WL
increased from 66.9 to 71.3% after 4 h of osmotic dehydration
causing approximately 4.5% point increment. Similarly for
40°Brix syrup concentration, the WL increased from 65.8 to
68.0% giving 2.2% point increment. Also for 30°Brix syrup
concentration, the corresponding increase was 2.2%.
Figure 1 shows that a low temperature-low concentration
condition (30°C–30°Brix) gives a low WL (63.1% after 4 h
30ºC
0
20
40
60
80
0 50 100 150 200 250
Duration of osmosis, min
W
a
t
e
r
 
l
o
s
s
,
 
%
30ºC
0
2
4
6
0 50 100 150 200 250
Duration of osmosis, min
S
u
g
a
r
 
g
a
i
n
,
 
%
50ºC
0
20
40
60
80
0 50 100 150 200 250
Duration of osmosis, min
30ºB 40ºB 50ºB
50ºC
0
2
4
6
8
0 50 100 150 200 250
Duration of osmosis, min
Fig. 1 Variation in water loss and sugar gain with temperature at 30, 40 and 50°Brix concentration
J Food Sci Technol (Mar–Apr 2011) 48(2):183–189 185of osmosis) and high temperature-high concentration
condition (50°C–50°Brix) gives a higher WL (71.3% after
4 h of osmosis). This indicates that WL can be increased by
either increasing the syrup temperature or concentration of
solution. Similar results have been reported for osmotic
dehydration of onions by Sagar (2001). Such effects have
also been reported in other fruits and vegetables (Karthanos
et al. 1995; Ertekin and Cakaloz 1996; Pokharkar and
Prasad 1998).
Effect on sugar gain The increase in sugar concentration
led to increase in SG (Fig. 1), because the concentration
gradient between intracellular fluid and solute solution
caused the osmotic pressure, which led to diffusion of water
through semi-permeable membrane to achieve osmotic
equilibrium (Sodhi et al. 2006). Figure 1 shows that a low
temperature-low concentration condition (30°C–30°Brix)
resulted into a low SG (4.0% after 4 h of osmosis) and a
high temperature-high concentration condition (50°C–50°
Brix) resulted into a higher SG (6.3% after 4 h of osmosis).
The low temperature-high concentration condition 30°C–
50°Brix resulted into a slightly lower SG of 4.4% after 4 h
of osmosis than 50°C–30°Brix (5.0% after 4 h of osmosis)
indicates a pronounced effect of temperature on SG. Similar
results have been reported by Lazarides and Mavroudis
(1995) with osmotic dehydration of apple slices in a
temperature range of 20–50°C.
Effect on convective drying behavior of aloe vera The
moisture content of fresh and osmosed samples was 98.7
and 87.1 to 78.3% (wb). The final moisture content of
osmotically dehydrated samples dried in a tray dryer was in
the range of 12 to 20% (db). It could be evident from Fig. 2
that moisture content of aloe vera samples decreased
exponentially with drying time under all drying conditions.
Similar results were obtained by Vergara et al. (1997) for air
drying of osmotically dehydrated apples. It took 5 h of
drying time in tray dryer to reduce the moisture content to
17.3% (db) at 50°C drying temperature, whereas it took 4.5,
3.5 and 2.5 h of drying in tray dryer to reduce the moisture
content to 16.3, 14.8 and 13.8% (db) at 60, 70 and 80°C air
drying temperature, respectively.
As the sugar syrup concentration and temperature
increased, the drying time also increased (Table 1). This
may be due to accumulation of sugar on the surface of the
product, which slows down the dehydration rate of aloe
vera. In general, it was found that the complete drying of
aloe vera cubes took place in the falling rate period and the
constant rate period was totally absent. Drying rate was
higher in the initial period of drying and subsequently it
reduced with decrease in moisture content. Sugar concen-
tration and drying air temperature have significant effect on
drying time at 1% level (Table 2).
Moisture diffusivity of aloe vera cubes The moisture loss
data during air drying were analyzed and moisture ratios at
various time intervals were determined. Moisture diffusiv-
ities were calculated from the slopes of these straight lines
(Maskan et al. 2002; Doymaz 2004). The moisture
diffusivity value of food material is affected by moisture
content as well as temperature. At low moisture content the
diffusivity was less than that of high moisture content
(Table 1). Moisture diffusivity increased with drying air
temperature in osmo-convective drying processes which is
in accordance of the results reported by Rahman and Lamb
(1990) and Pokharkar and Prasad (1998). The moisture
diffusivity varied from 2.9 to 8.0×10
−9 m²/s and 2.7 to
4.6×10
−9 m²/s during hot air drying of osmosed and
unosmosed aloe vera samples depending on the drying air
temperature (Table 1). These values are within the general
range of 10
−08 to 10
−12 m²/s for drying of food materials
(McMinn and Magee 1999). Sugar concentration and
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Fig. 2 Variation of moisture content with drying time for unosmosed and osmotic dehydrated (30°Brix and 30°C) aloe vera cubes
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Source Drying time Moisture diffusivity
df Sum of square Mean sum of square F-ratio Sum of square Mean sum of square F-Ratio
Treatment 23 372487.5 16195.11 161.95** 175.44 7.632 122.05**
Main effects
Syrup temperature(A) 1 112.5 112.5 1.13 0.13 0.13 2.12
Sugar concentration (B) 2 38025 19012.5 190.13** 31.82 15.91 254.59**
Drying air temperature(C) 3 290138 96712.5 967.13** 132.83 44.28 708.41**
A×B 2 21825 10912.5 109.13** 2.65 1.32 21.19**
A×C 3 8437.5 2812.5 28.13** 1.57 0.52 8.362*
B×C 6 2475 412.5 4.13** 4.41 0.73 11.75**
A×B×C 6 11475 1912.5 19.13** 2.03 0.34 5.42**
Error 48 4800 100 3 0.06
**Significant at p≤0.01, * Significant at p≤0.05 level
Table 1 Drying time and moisture diffusivity of aloe vera gel cubes under various process conditions
Osmotic solution, temp °C Syrup concn, °Brix Drying, temp °C Drying time, min Diffusivity, m²/s R
2
–– 50 450 2.69×10
−9 0.97
–– 60 420 3.09×10
−9 0.96
–– 70 270 3.56×10
−9 0.97
–– 80 180 4.59×10
−9 0.96
30 30 50 300 3.88×10
−9 0.98
30 30 60 270 5.12×10
−9 0.99
30 30 70 210 6.39×10
−9 0.99
30 30 80 150 7.99×10
−9 0.95
30 40 50 420 2.93×10
−9 0.99
30 40 60 300 3.98×10
−9 0.98
30 40 70 270 5.33×10
−9 0.99
30 40 80 180 6.86×10
−9 0.99
30 50 50 450 2.48×10
−9 0.99
30 50 60 330 3.25×10
−9 0.99
30 50 70 300 4.27×10
−9 0.98
30 50 80 240 5.17×10
−9 0.99
50 30 50 360 3.25×10
−9 0.99
50 30 60 300 4.41×10
−9 0.99
50 30 70 270 6.25×10
−9 0.99
50 30 80 180 7.76×10
−9 0.99
50 40 50 330 3.32×10
−9 0.98
50 40 60 300 3.69×10
−9 0.99
50 40 70 270 4.35×10
−9 0.99
50 40 80 210 6.62×10
−9 0.99
50 50 50 360 3.22×10
−9 0.98
50 50 60 330 3.35×10
−9 0.98
50 50 70 270 4.04×10
−9 0.98
50 50 80 210 6.36×10
−9 0.99
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diffusivity at 1% level (Table 2).
Conclusion
In osmotic aloe gel dehydration, increase of sugar concen-
tration and temperature of osmosis increased WL and SG.
The WL from aloe gel was very rapid for the first 2 h of
osmosis and reduced subsequently with duration of osmo-
sis. As the sugar syrup concentration and temperature
increased, the drying time also increased. Drying of aloe
vera cubes occurred only in falling rate drying period.
Constant rate drying period was absent throughout the
drying process of aloe vera cubes dried under all drying air
temperature. The moisture diffusivity varied in the range of
2.9 to 8.0×10
−9 m²/s and 2.7 to 4.6×10
−9 m²/s during air
drying of osmosed and unosmosed aloe vera samples
depending on the drying air temperature.
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